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HETEROLOGOUS GENE E XPRESSION IN LACTOCOCCUS, 
AND THE EXPRESSION PRODUCTS THEREFROM 

Reld of the Invention 

This invention relates to the expression of heterologous proteins in lactic acid t)acteria, 
5 and to their use in producing an immune response in an immunised subject The invention 
also pro\ndes certain specific expression products of considerable potential usefulness. 

Background to the invention . 
Bacteria able to produce and secrete proteins encoded by heterologous genes are 

10 used extensively for the industrial production of high value-added pharmaceutical 

proteins such as human and animal growth hormones, insulin^ interferons, cytoldnes etc. 
Orgarnsms other than £oofi thus far used or proposed for industrial production include 
cultured mammalian and insect cdls, yeasts and lungi. and a number of Bacjto spp. 
Anrong the bacteria already widely used for Industrial purposes are the lactic add 

15 bacteria, which are employed as starter cultures for fennented food-stuffe, and as 

flavour enhancers, and preservatives. These properties depend on the abDity of ttiese . 
organisms to produce certain enzymes, lactic add and harmless antimicrobial 
polypeptides such as nisin. To date only low yields of foreign protons have been 
obtained by the genetic manipulation of these organisms, and in some instances gene 

20 expression has depended on ttte use of unregulated genes, or of undefined control 
elements. Lactic add -bacteria which are related to those used in food and milk 
fermentations are also found as commensal bacteria in the alimentary tracts of animals. 
There is considerable Industrial interest on ttie genetic manipulation of both ttie food and 
the commensal bacteria For example, reoonntMnam strains of ttiese bacteria could be 

25 used to improve fennenlation processes, and as novel vectors for multi-disease 
vacdnes. 

In contrast to a Gram-negative organism such as Ecoff Gram-positivQ bact^such 
as the lactic add bacteria and BacOlus spp. hmm the capacity to secrete proteins mord 
readily into the growth medium. However, the active protease systems of flie best known 

30 bacillus spades, 0. subtilis, have greatiy Gmited ttie usefubiess of this organism for ttie 
production of recombinant proteins. Protein secretion in Gram-positive cells differs 
fundamentally from ttiat observed in Gram-negative cells, where it is a complex two 
stage process in which tme swetion (as opposed to protein accumulation in ttie 
periplasmic space) requires ttiat exported proteins should traverse botti ttie ceO 

35 memt>rane and the outer membrane. Thus, although large amounts of recombinant 
proteins can be produced in E.coli many of these proteins become insoluble and 
inactive, and etttier accumulate imtti'vi ttie cytoplasm, or are secreted as far as ttie 
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periplasm, where they may predpitate, and lose their biological actiwties. For many such 
recombinant proteins renaturalion procedures for the recovery of biological activity are 
an expensive and difficult aspect of downsfream processing. For these reasons the use 
of naturally secretory organians for protein producfion msy be highly advantageous. 
5 As a separate aspect of the developmem of bacterisd technologies, reoombfn^ ^ 

vacdne strains of certain pathogenic bacteria (mycobacteria, salmonella) have been ^ 
proposed for the producGon and delivery tt vn/o of protective protein antigens of a range 
of disease-causing bacteria, viruses, and protozoan and meiazoan parasites. Howev^. 
evea attanuated'vaocine strains of pathogenic bacteria are to some degree invasive, and 

10 the immune responses generated tjy these organisms may result in immunopathological 
damaga Development of non-invasive microbes in forms suitable for effocBve 
antijgen-presentafion to the immune system would provide prevfously unattainable levels 
of vacdne safety. In particular, if given by the oral route, such organisms might stimulate 
the mucosa immune system preferentiaIV» thus providing a basis for the development of 

15 live, oral vaccines wWch would protect agsunst infection. AMenratively or additionally 

these vaccines might be given by nq'ecGon. or administ^ed or^ly or by injecfion to boost 
immune responses primed with reomibtnant mycobacteria or salmonella; m thfe instance 
the innate differences between the antigerac consGtoente of the prnrang vacdne carrier 
and those of ttte booster oould be expected to minimise immunopathological dams^e, 

20 and to boost immune responses to the expressed recomfrinant ant^ns preferenCally. 
Furthermore, the capacity to express a range of foreign proteins in non-«iva^ 
microorganisms opens the way to the concurrent deTivery of antigens and cytolAes, 
whidi might be used to drive an immune response in a desired direction. The successful 
devdopment of an these applications requires that a regulated system for high level 

25 foreign gene expression should be available for use in lactic arid bacteria. 

Although there are sev^ reports of the expression of foreign genes in Llactis none 
of these descrfoes either a regulated system, or the production of substantial quantities 
of protein. In two of these cases antfoiotic reastance genes woe used as reporter genes 
to idenfify secreGon signal sequences and/or prorhoter sequences^-^. The other five 

30 cases comprise two protans of eukaryotic origin and three prokaryofic protans of 

Gram-positive origin. The eukaryotc protdns concerned are hen egg white isozyme 

and bovine prochymo^. The prokaiyotic proteins are Badllus subiSKs neutral protease. 

theyS-galactoadase of C^ostmmm'acetobufylkxjm and the pAC prot^ antigen of 

Streptococcus mutanx The resutts obtained with these latter three proteins provide fiie S 

35 best comparison with our own woric. since we have also used as a model system one * 
which involves fte expression of a protein of Gram-positive origin (the tetanus to;dn 
fragment Q. However, our own resulte are unique, in that we have devised a system of 

SUBSTITUTE SHEET 

ISA/EP 
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regulated gene expression and product secretion, and also obtained significant yields of 
the expressed protein product, wtiether secreted or not The previous studies have 
resulted in only low and (with one exception) undetermined amounts of foreign protein 
being formed, whereas the system we have developed has reliably yielded 3.4% of 
5 soluble cytoplasmic protein as the desired product with a secretory expression system, 
and 22% of soluble cytoplasmic protein with a non-secretory expression system. In 
addib'on, with the secretory system, product is secreted into the supernatant in a 
progressive fashion, reaching an estimated final yield (under test-tube conditions) of 
5-IOmg/l. 

10 In the studies cited above hen egg white lysozyme^ was expressed as a fusion 

protein wMch either lacked activity or was produced in too low an amount to be detected 
in the assay used. Biologically active Badffus stMBs neutral protease^ was e)q)ressed 
and secreted from L/acfrs u^'ng either its own promoter or a lactoooccal promoter. The 
amounts of neutral protease produced (in arbitrarjf units) were reported to be only 1-2% 

15 of those produced by the same plaanid corelrucls in Bacillus sutiWs 1 The 

^alactosidase from Clostridium acetobutylicum ^ was introduced into a lactococcat 
starter train, and enzyme activity detected- IHowever. the maximum level of en^me 
activity obtained was less than half of that measured in a wild type strain of LlacUsyHih 
innate^ -galactosidase activity. In aD these instances no details are ^ven of actual 

20 amounts of expressed protein present in the transfonnants. Expression of the bovine 
prochymosin^ gene in Llac&has also been reported. Chymo^n Is an enzyme which is 
nomially fbrnied in the abomasum of young ca^es. It is a casein-specific protease used 
to curdle milk for cheese making. The gene encoding the precursor of chymosin 
(prochymosih) has been constitutively expressed in LJacBsusing the promoter and 

25 secretuHi signal sequence of ttieprotmase gene of S. cnesmorfestraunSKIIittiisworkis 
the sul^ect of European patent applicaBon number 882Q1203J2, filed on iao&88. The 
authors do not indicate the quantities of prochymosin produced in their expres^on 
strains of UacUs but our inspection of the Western blots implies that the levels of 
expression obtained were low (estimated to be 0.2mgA. supernatant). Or)ly trace 

30 amounts of recombinant protein were detected in whole cell extracts. 

Perhaps the best comparison with our own work is that which has been carried out 
m the pAC protein (a surface antigen) of Streptococcus mutant. This was expressed 
in Uacfe by the introduction into L/acfe of a plasnvd carrying the pAC gene within a 
6.2kb Sphl-BamHI DMA fragment derived from S. motensL hto attempt w^ made to 

35 control the expression of the gene. The y'eki of pAC protein in LbcHs was 

approximately 0.2% of dry weight, as compared to 1 % in S. mufansL The pAC protein is 
secreted into culture supematants of S. mutans to a level of approximately 5.5 mg/L 

SUBSTITUTE SHEET 

ISA/EP 
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Because the pAC protein as produced in LbcSs lacked its ceil membrane anchor 
domain S was anttdpated that it would be efficiently secreted. However, this did not 
occur, the final yield of pAC protein in the Llactis supematants approached the limits of 
detection. 

5 

Summary of the invenijon 
One aspect of the present invention provides a method which pennits the high level 
regulated expression of heterologous gmes in Llactis and the coupling of expression to 
secretion. 

10 In the examples herein we use the same T7 bacteriophage RNA polymerase and its 
cognate promoter used to develop the most powerful £co/f expression system 
available^. The EcoBTT system relies on the regulated expression of the fast RNA 
polymerase which then acts specHically on its oogr^ promoter to transcribe the target 
gene. The T7 RNA polymerase transcribes RNA approxbnately 4-5 fimes taster than the 

15 £oo/f polymerase and under oplbmim conditions tiie entire resources of the cell can be 
devoted to the production of foreign prote^^ The T7 RNA polymerase is indeed so 
efficient that it is necessary to fights regulate ite expression in EooB, espedaDy if tfie 
target gene product is likely to be detrimental to ttie host in EcofflhB RNA polymerase 
gene expression is regulated by use of the jag promoter and can be induced by lactose 

20 or ttie gratuitous chemical inducer IPTG. However, it is often necessary to maintain 

these plasmids in host strains which produce T7 lysozyma This en^e is able to frrfubit 
the activity of the T7 RNA polymerase produced by 'leak/ expression in tiie absence of 
file inducer. 

It was not obvioie fiiat tfie T7 polymerase system would function in UacBs witii tiie 
25 efiiciency we report since many difficulties are commonly encountered in achi'evvig high 
tevel gene expresdon in new types of microorgarrisms. The expression s^nab identified 
ffi Lactococcus show an organteafion which is characteristic for Gram-posifive 
bacteria^, suggesting ttiat a heterospedfic barrier to the oxpresston of genes from 
Gram-flegative organisms might be expected. Rirttiennore, rare codons in the genes of 
30 Gram-negative organisms^ ^ are commonly used in UacBs. This arises from a 
relatively low G+C content'^ ^ and a strong bias for A or T espedalty to the tfiird 
position of lactococcal codons. It seems reasonable therefore to assume that ttie codon 
composifion under strong selective pressure and ttiat a poor fit between the codon 
bias of Gram-negative and Gram-positive organisms would also limit flie levels of 
35 heterospedfic gene expression. A striMng preference for the leucine CUU codon has 
been reported in LlacSs^^ and we have also noted a strong bias for the Gin codon 
CAA (51 of 52 codons) fn fiie lactococcal genes we liave examined. 
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5 

However, despite these considerations we have found fhal it is possible to develop 
an effedive and regulated gene expression system in Lbctis by (1) placing expression • 
of the 77 polymerase gene under the control of an inducible promoter derived from 
Lladis and (2) directing secretion of the product by means of different secretion signal 
5 sequences of lactococcal origin. A unique feature of one of our target vectors is that the 
DMA sequence promoting the initiation of protein translation has been modified in such a 
way that the expressed gene product is secreted co-translationaliy and is not detected 
in the cytoplasm. This has tiie advantage that heterologous gene products which might 
be toxic to the cell or which might be subject to degradation in the cytoplasm can be 

10 secreted directly into the growth medium. 

The reference to TT-like RNA polymerase" includes, but is not Gmited to, those 
contemplated for example in USP 4952486 (Stucfier et al.), wMch menfions RNA 
polymerases from other T7-like phages, such as the T3 RNA poly^ The 
important characteristics of a TZ-Cke RNA polymerase are that there should be a 

15 cognate promoter which is hi^iyspedfic for the polymerase and 

a high level in the presence of the specifte polymerase; so that transcription is not 
substantially effected by other polymerases in the cell, and can be controlled by 
controlling the expression of the specific polymerase. 

Another feature of our inv^on Bes in the discovery that the heterologous 

20 expression product which is retained intracellularty is in a soluble and/or biologically 
active form, unlike the aggregated and insoluble form so often found for example in 
heterologous potypeptkles expressed in Eco£ Thus, this aspect of the invention 
provides soluble and^x* txofo^cally active heterologous proteins htracellulariy 
accumulated In LlactiS^ whether expressed in cor^unctfon with a secretory expression 

25 systemornoL In the latter case, the produd can accunudale to remaricably high levds 
while remsdntng soluble and^or bkdoglcally active. Thus this aspect of the invention 
provides a valuable addition to the repertdira of techroques and materials wsMHe for 
recombinant DNA expression erf kfologically active proteins at us^ 

This leads to another aspect of the invenfion which provides a novel approach to 

30 raising an immune rB^x>nse in an immurUsed ei^'ect, since the immunogenically active 
protein can be deBvered within ttie protection of the host cell, and moreover a host oeD 
which is non-invasive and non-pathogenic, bideed a food-grade organism, which opens 
up forther possibilities for mucosal, espectaily oral, administration of vaccines. The 
immunogenically active protein thus expressed may be used in its own right to raise an 

35 immune response against one or more epitopes on the protein; or it may be used as an 
immunogenic canier protein to which the Important epitope-bearing polypeptkle is fused. 
An example given below is the HIV VSfoop protein fragment fosed to TTFC. In general, 
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therefore, the Lactocoocus cells containing and/br expressing the immunogenic protein 

can be administered parenteFaOy (ag. subcutaneously) or mucosaliy (e.g. oraOy, nasally 

or rectal^), to produce a systemic or mucosal immune response. s 

Over the past thirty years commercial use of pestiddal fonnulatlons of non- 

5 recombinant BadUus thuringiensis (B.t) has been restricted to a narrow range of ? 

caterpillar pests. However, investigatore have discovered B.t toxin-produdng strains 

with spedfidties for a number of other pests. These newly-discovered strains include 

some with acti>nty against plant- and animal-parasitic nematodes (Edwards et al. (1990) 

and USP 4949734). Such strains provide the first indication thai B.L toxins exist m 

10 nature wtdch could be used to kDI a wide range of ecto- and endo-parasites whOst 

causffig no harm to their hosts. 

The concept of expressing B.t toxins from recombinant DMA in bacteria is already 
13 

estabBshed"*, but this uses Gram-negafive RseucbnKifiasftiD/Gscansas a ho^ 
wfuchl^ been chemically treated to kffl and slabiiize the orga^ Theuseofa 

15 GRAB, especially foodgrade. organism should provide a safer and more emAonmentally 
acceptable host cell to encapsulate the B.t toxin. 

The present invention therefore enables foodgrade bacteria to produce sut)stantial 
quantities of a B.t town in a fomn that can be safely administered to a human or animal 
or applied environmentally as a biopestidde. I=br example, recombinant LlacBs 

20 expressing nematode to)dns could be used for the treatment of nematode infections of 
man and animals. 

Thus, the present tovention can provide a route to dmpler fennentafion and 
production technology for BA derived products for safer use in the environment, but may 
also be appRed to the treatment of human and anbnal pests which can be controlled by 
25 the ir^e^on or topical appfication of frarnyess B.t toxnrv-produdng bacteria. 

A farther aspect of the effident expression of B.t toxim to Lactoooccus according to 
the present fnvention ties to tiie potenfiaT of these evolufionarily diverse proteins to act as 
immunogernc carriers for an epStope of interest ThuSr a polypeptide reivesenfing 8ie 

latter ^itopecotdd be expr^sed as a fosion to an invnunogenica^ active B.t toxin fm 

30 the same way tiiatttie HIVV3 loop was fosed to TTFQ. 

The term "biologically active" as used herdn in relation to tt)e heterologous 
po^eptide expressed in ttie Ljactococcal host ceD denotes fliat the polypeptide is ^ 
produced in an appropriate confonnation for obtaining biological activity, rattier tiian a 
misfblded, aggregated and insoluble form which reqidres special denaturation and 

35 renaturation measures to adiieve an appropriate conformation to any substantial extent 
The terni ttierofore includes polypeptUe precursore of biologically active proteins, whidi 
are not themselves biological^ active, but which can be readily converted into ttieir 
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biolgically active forms. For example, B.t to)dns may be produced as precursors which 
when used are converted in vtvd into their toxic form. 

Brief doscrintion of the drawings 
% 5 Figure 1. Construction of 77 expression cassettes^for use in LlacBs and £co//. The 

EcoRV/Bglll fragment of pET-3a containing the elements for expressicwi by T7 in EcoB 
was transferred to p18N. These elements were modified in p18NT7L1 to replace the 
t>acteriophage gene 10 translation initiation sequence with one of lactococcal origin and 
to provide a secretion signal sequence (LI) to which gene fusions could be made. In 

10 p18NT7L2 the bacteriophage gene 10 protein sequences were replaced with a different 
lactococcal secretion signal sequence (L2). Further details are given in Rg. 2. bla: 
beta-ladamase gene; tet tetracycEne resistance gene; Ork origins of replication; T7R 
T7 promoter, slO: gene 10 protein translation irritiation region; T: terfninator; L2: tignal 
leader 2; PrtL & SD: Signal leader & protein translation initiation region of Prt gene. 

15 Arrow heads indicated direction of transcription. 

Hgure2. Sequences of the T7 cassettes constructed for expres^on and secretion 
in Lactoooocus bcBs. The cognate promoter of the T7 RNA potymerase is underlined in 
bold. The predicted transcription start site and last nucleotide of the tenninated 
transcript are indicated +1 and -1 respectively. The prot^ sequences (numbered and 

20 with three letter amino add codes) are shown above the nucleotide sequence. The 
potential stem loop stnjctures at the ? and 3* ends of the RNA are strawn and the 
Shine-Daigamo (SD) sequence in each construct is boxed. The signal peptide cleavage 
site is indicated by an arrow. The Sail fusion cloning site and other relevant sites are 
underiined. Parallel Ones indicate that the sequence is not continuous. As indicated the 

25 T7,T7L1 and T7L2 cassettes have been incorporated into pLETI. pLERZ and pLET3 
respectively. 

Figure a (A)Libcfis^ooff shuttle vectors pMIGI and pMIG3. (B) Two examples of 

the pLETplasmids for Lactococcal ^ression by 17 RhlApol^^ pl-ETBand 

« 

pLET32 were derived from pMIGI and pMIG3 respectively, contsteing respecOvety the 
30 LI and L2 signalleader s«|uence (see Hg. 2 lor details). (C) HasmM pLET2-TTFCfor 
expression of TTFC. Similar TTFC expression constructs were prepared using tt)e other 
pLET vectors, kan: kanamydn resistance gene; cat chloramphenicol acetyl* 
transferase gene; Orn origin of replication; T: terminator. Arrow heads undicate 
^ direction of transcription. 

35 Rgure 4. Cor^truction of a lactococcal vector for inducible expression of T7 RNA 

polymerasa bla: bete-lactamase gene; Orn origin of replication; MLS: restetance to 
macroDdes, lincosamides and slreptogranun B-type antibiotics. Arrow heads indicate 
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(firaction of transcription. 

Rgure 5 (panel Coomassie stained gel of total ceU protein extracts from stram 
PLETI-TTPC (track 1; TTFC anrowed) and the control strain (expression host strain 
harl)oiiring pMIGI ; track 2), Immunoblots of total cell extracts and supernatant proteins 
5 from the lactococcal expression strain hartwuring pLEFI-TTFC (panel B), pLEre-TTFC 
(panel C) and pLET2-.7TFC (panel D) are shown. Approximately equal amounts of total 
cell protein from uninduced (U) and induced (i) ceDs or the protein precipitated from 200 
/d of culture supernatant were toaded in each trade Total cell extracts or supernatant 
prot»hs from he pMIGI control strain were loaded in tracks lat>eDed TTFC; 2 fig in 

10 panel A; 500 ng in panels B-D, The sizes of the pre-stained marker proteins are 

indicated at the right Hie unprocessed (u) and processed (p) ftjrms of TTFC present in 
cell extracts of sfrain pLETZ-TTFC are indicated by anrows (pmel P). 

Hgure& Inununoblots of total ceU extracts and supematarit proteins from the T^ 
producffig strains of hartx)urirQ (A) pLETZ-TTFC and (B) pLET32-Tn=C. 

15 Approximately equal amounts of protein in the total cell extracts from unh Aiced (U) and 
induced (0 cells were loaded in each track. Total ceDeodracts or supernatant protevis 
from the host sfrain hartwuring pMIGt or pMIGS were used as confrols and baded in 
tracks labeDed C. Purified recombinant TTFC from BcoS (120 ng) was k>aded into 
fracks lulled TTFC. The sizes of fte pre-stained maricer proteins k>aded in fracks 

20 labelled M are indicated at the right The unprocessed (u) and processed (p) ft>nns of 
TTFC are frxGcatedi^ arrows. 

Hgure 7 Coomasae Uue stahed protein gel of ^uble protein extracts from 
exprasdon strains of ZJacfe hartxiuring pLEIZ-TTFC (trade 1) or the vector confrol 
pMIGI 9rack2}. M; martw protein fracfc Ihe sizes of the pre-stained maricer pr^ 

25 are incBcaied at the right The unprocessed (u) and processed (p) forms of TTFC are 
Indicated by arrows. 

Figure 7(B). fanmunoblotof relative anmints of soluble and insoluble extracts from 
the L/acfe expression strain hartiouring pLETZ-TTFC or the vector control pMlGt. 
Tracks 1 and 3: pLET2-TTFC; soluble and insoluble exfracts respectively. Tracks 2 

30 and 4: pMIGI; soluble and insoluble exfracts respectively. M; maricer protein 
The sizes of the pre-stakiedinaricer proteins are fridicated at the right The 
unprocessed (u) and processed (p) ft)nns of TTFC are indicated by anows. 

Rgure 8 (^. Growth curve of different strains after induction of TTFC expression in 
exponenfial phase of growth and (B) a graph showing amounts of TTFC secreted into 

35 the culture supernatant by these sfrains. (Q Graph shovwng the growth curve and 

amounts of TTFC secreted frito the culture aipematant by the pLETS-TTFC and pMlGI 
confrol strains vihen grown from tow o^ density in ttie presence of the lactose. 



wo 93/17117 



PCT/GB93/00425 



9 

Hgure 9. Diagrammatic summary of the predcted positions of the PGR products 
V3a and V3b In relaUon to the HIV-MN provlral genoma The restriction enzyme sites 
shown at the ends of the products are those incorporated through the design of the 
primer oligonucleotides. The peptides coded for are shown in parentheses (V3 loop 
5 highlighted). TTie nucleotide numbering is that used in 'l-luman RetroNriruses and AIDS 
1989 - a compilation and analysis of nudeic acid and amino add sequences'. 

Rgure 10. Schematic representation of the plasmid pUETS-TTFG/VSa, for 
expression of the TTFC/V3a fusion protein in Llactls. 

Figure 11. Overview of the lactococcal expression system. 
10 HguTB 12. Results from immunoUotting of Llactis protein extracts using antit)0dies 

specific to TTFC and to the V3 loop of HIVjj^. 1820(pIl4)ol) clones transfonned by the 
plasmids denoted were grown in lactose containing media to induce expression of the 
forrign pnAsan. At various times after induction whole cell and supernatant extracts 
were made from the cultures. Protons were separated by S[>SHPolyacrylamide gel 
15 electrophoresis, Uotted onto nitrooeHulose and probed with: 

a) a polydonal rabbit antisemm raised against recombinant TTFC. 

b) a human monodonal antibody spedfic to the V3 loop of HIVjy||^ 
12a) Bdrads probed with anti-TTFC polydonal serunt 



Kgy; 


rTTFC: 


recomtdnant TTFC (with no signal leader). 


20 


pMIGI: 


1820(pilPol) done containing the plasmid pMIGI (plETi 
with no T7 RNA polymerase spedfic promoter). 




pLETI...: 


1820(pllPoI) dones containing ttie denoted plasmids. 




C/E: 


cell extracts 




S/N: 


supernatant extracts 


25 


N: 


hours after bacteria were resuspended in lactose containing 
media to induce expres^on of the fcudgn pratmi. 



Rgure 13. Constniction of the CrylA expression plasmid. 
(a) The CrylA gene and its rdevant restriction endonudease sites are shown in 

30 schematic fbrm. (band c) PGR derived fragments of this gene 

pUC derived general doning vector pWWi the arrows indicate ttie position of the PGR 
primers with respect to the CrylA gene sequence, (d) The PCR derived CrylA gene 
fragment between the Spel and EcoNI dtes in pWW-PCR CrylA was replaced with an 
identical fragment isolated from doned BacSlus ihwingien^s DNA (e) The Ndei - BamHI 

35 CrylA gene fragment was doned into the T7 cassette in p19NT7. (0 The CrylA 
expression cassette was toarmferred into the pMIQI shuttle vectcu- fo generate 
pLETI-CrylA. The coding sequences of the CrylA gene, chloramphenicol (cat) and 
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kanamycin (kan) resistance genes are depicted as arrows on whidh the direction of 
franscr^pfion is feidicated. One origins of replication; T: terminator; T7p: T7 promoter. 

Rgure 14. Rg. 2 (panel A). Coomassia stained gel of total cell protein extracts from 
the expression strain pLETI-CrylA (panel B) Immunoblot of a gel toaded as above using 
5 anfisera to the crystal protein. Appronmately equal amounts of total cell protein from 
unihduced (U) ceDs and biduced cells at 30, 60 and 120 min after induc&on were loaded 
as incficated 1 ^ of puriRed crystal protein was loaded in tracks labeDed CP. Extracts 
from the pMIGI control strain liarvested 120 min after induc&on were toaded in tracte 
labeled C. (pane! Q The results of vnmunobtotfing with subcellular fracGons of the CrylA 

10 expressing cells. Proportional amounts of the total extract (TE), insoluble cell wall (W), 
membrane (M) and soluble protein (S) fractions were toaded as indicated. Purified 
crystal protein (1 ^) was nin in the trade labeDed CP. to each panel the mobilitiy of the 
crystsd protein is arrowed. 

Rgure 15. (panel A) Immunoblot of total cefl exbacts from the pLEr4-TnFC 

15 expressmg strain and the control strah (Q 2 hours after mductioa (panel B) The results 
of toimunobloUihg with subcellular fracGons of the expressing rails. Proporttonai amounts 
of the insoluble odi waD (VV), membrane (M) and solubfe protein (S) fracGons were 
toeded as indicated. The TTFC fuston proton detected ustog TTFC antteera is arrowed. 

20 

Examples 

ThefoIIovinng examples are given by way of fflusfrationonly^ and are not to betaken 
as limiting the invenfion. 

25 Example t 

1. Bacterial strains, plasmids and media. 

The bacterial strains and ptosmkfs used in this study are shown in Table t. UacUs 
was cuttured to M17 tiroth or on M17 agar plates (Difco Ltd.. London, UK.) containtog 
eriher 0.5% wAr glucose (GM17) or 0.5% wAr toctose (LM17). £co/r strams were grown 

30 to LB broth or on LB egar plates. EooS strato "SURP was used as the host for the pUC 
based vectors because it over-produces the £oo/r tog repressor protdn. The BcoB 
RecA^ strato MCt022 was used as tfie host foe the pMIGI shutUe vector and ite 
derivafives and strato DH5a as a host for toe pMIG3 shuttle vector and its derivafives. 
Erythromyon was used at a final concentration of 5 figfml for Ltoc&L Chloramphervcol 

35 was added to Uactis and Ecoiir cultures and plates to final concentrafions of 5 ^^ml 
and 15^g/ml respectively. AmpidlKn was used at a concentration of 100 fLjgfn± 

SUBSTTTOTESHEET 
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TABLE 1. Bacterial strains and plasmids 





Bacterial Strain 


Relevant properties. 


Reference or 


5 






source 




Llactb 








MG1363 


Plasmid free, Prt~ 


"n 


10 


MG1820 


MG1 363 carrying the Z3JS kb lactose utilisation idasmid 1820, 
Prt~- 


15 — 




MG1820 
(pILPoO 


MG1 820 carrying plasmid pILPd; host strain for lactose 
induced expression by T7 RNA potymerasa 


This work. 


15 


£C0£ 


'9 






SURE™ 




it» 


20 


MC1022 




M.Gasson 




DH5a 








pMIGI 


Carn^ Bcom^tocSs shuttle vector (for RecA*^ Bcoli) 
Kgh copy number in LktcSs. 


Laboratory 
collection 


25 


pMIG3 


Carrf BcoB/Liactis shuttle vector. Several copies per ceii in 
Liactis; stat)le In RecA~ Ecoff hosts. 


l-aboratory 
coOecBon 




pET-Sa 


Amp^ vector for expression 17 RNA polymerase In 
appropriate Eooiff host strains. 


b 


30 


p18N 


pUC18 with its single Ndel ^e inactivaled tyy cutting vOh 
Ndel, tAinU ending and religating. 


This work 




P18NT7 


Amp**, contains T7 sequences of pET-3a. 


This work 




P18NT7L1VF 


Amp**, contains T7 elements and Uactis edl gene SD & signal 
leader. 


This work 


35 


P18NT7L2VF 


Amp^. contains T7 elements and Llactis usp 45 gene signal 
leader 


This work 




PAR1 173 


Amp^ contains promoterless 77 RNA pol gene. 


■IB 
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Bacterial Strain 


Relevant prooerfles. 


Reference or 






source 


pUCPol 


Amp^ contains promoteriess T7 RN/V polymerase gene on a 
BamHI fragmenL 


This work 


pUCLacPor 


Anv/. Gontsftis the Lfacfe lac repressor gene and the T7 
RNA pol gene under control of the Uactb regulated lac 
promoter . 


This work 


PIL277 


EmF, low copy vector for LlacSs 




pILPoi 


Enf. plL277 containing the LJacBs lac repressor gene and 
the T7 RNA pol gene under control of ttie Lbctb regulated 
tac promoter . 


This work 


PSS1261 


Eoof expression vector pTTQ8 contsdning TTFG sequence. 




pLETSa 
pLET2 


Cam*^ pMlGI t)ased shuttle vectors for expression and 
secreSon Ijy T7 RNA polymerase 


This work 


pLErasa 

pLEr32 


Cam^. pMIG3 teased shuttle vectors for expression and . 
secretion l^y 17 RNA polymerase 


This work 


pLEr?-T7FG 
vectors 


Cam^ shuttle vectors tor expres^pn of TTFC in LlacSs tff 77 
RNA polymerase 


This work 



10 



15 



20 



25 



30 



35 



2. DNA isolafion and manipulation. 

Large scale preparations of piasmid DNA were isolated from UacSs bf a 
modification of flie Triton lysis method^^. Mird-preparatk»is of plasmtd DNA from 
LtocSs were prepared tiy the Bimt)oim and Doly procedure^ except that the odls 
were first incubated in 100 ml of TE (10 mMTris-HCI, 1 mM EDTA, pH &0) oontammg 
frash^ added isozyme and mutanoly^ ta final oonomtrafions of Sy^gfftnl and 100 
unifsAnI raspecGveV- Also, the plasnud DNA recovered was treated with RNAase (100 
mg/hd of DNAase free enzyme 1 0 inin at 37%) then proteinase K ^oa^gAnl; 30 min at 
37^C), and finally extracted vrith phenoUchloroform mbdure. The DNA was fiien 
precipitated and resuspended TB Piasmid DNA was isolated from EcoSas previously 
described- and mini-preparations of piasmid DNA prepared tiy the alkali ly^ method of 
Bimbonn and Doly^^ 

DNA was digested with restriction endomxdeases under standard conditions and in 
the tHjffors recommended t>y the manufacturer. Other DNA modifying enzymes such as 
calf inte^inal phosphatase, T4 DNA polymerase and T4 DNA Ggase were used 
accorcEng to. ttie recommendations of the supplier. Genoal molecular cloning teduiiques 
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and the etectrophoiesis of DMA in agarose geis were carried out essenttalty as 
described by Marriatis et aL^ DMA fragments were purified from agarose gels by a 
spin column procedure wtiich used a 0^ ml microfuge tube plugged with a cdumn of 
glass wool and punctured at the bottom with a fine needla'The slice of agarose gel 
5 containing the DMA fragment was placed on top of the glass wool and the whole tube 
placed in the top of a 2 ml microfuge tuba After 1 5 nin centrifiigation at fuO speed in a 
microcentrifuge the buffer and DMA from the gel sfice was recovered from the bottom of 
the tuba The ONA was precipitated and used directly in Ggations. 

10 3. PGR. 

PCR amplification of DMA was performed using high fidelity reaction conditions?^ 
and a themial cycler (Cambio Lid. Cambridge, UK). The reaction mixture contained 1 x 
PCR buffer (10 mM Tris-Q; pH 7.5 ,@ 70 °C, 50 mM KCI), 250 y^M of each 
deoxynucleoade triphosphate, 0.5 ^M each primer, 1 mM MgClg^ DMA template 

15 (typically 50-100 ng) and 2.5 units of Tag DMA polynrierase (Cambio 

volume of 100 jmL The template DMA was heated for 5 mih at 95 before adding tfie 
enzyme and then 30 c^es of PCR amplification run under the following condifions: 
denaturafion at 93% for 1 min,prim^ annealing at 45% fori min, and extend at 
72 % for 1 min, with afinal extension at 72 % for 5 min. Synthetic ofigonudeotide 

20 primers were designed to amplily the qI gene protdn translation initiation sequences 
and its ^gnal leader, based on the reported sequence^. 
Primer LI -sense : 5' 

GATGGGGCAAGCTT CATATGAAACTTTTGGAAAGTGGAGGATATTGGAg 
Primer Ll-antisense: 5" 

25 CCGACGGATCCGTCGACCG CCGCCTTTGCTTGGATfTCGCCG AG^ 3 ' 

For ami^ficaGon of the iactocoocus be promoter and lacR gene the same conditions 

were used. The primer sequences were as follows: 

Primer 1: CGGGATC CCGACAAACCATACATTAGAA 

Primer 2: CGCSGATC CGAAATGCTACGTAGAAGTAC 
30 In an cases the sequences underbied were identical with thaV templates. 

4. Transformation. 

Llac^ was transfbrnied by electroporation of cells grown in the presence of glycine 
to weaken the oeU wall. Several different parameters were investigated in order to 
35 optimise the procedure as follows; an overnight culture grown from a single colony was 
diluted about 100 fold in GM17 containing 3.0% glycine and grown to an OD^jq^j^ of 
0.5-0.6 (this might take about 6 h). The culture was chilled on ice for 10 min and the 
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celBs p^eted by centrifugation (3000 G for 10 min) and resuspended in 0.2 vol of ice 
cold 0«5 M sucrose oontaihing 10% glycerol This wa^ng step was repeated once more 
and 40 ^ aEquots of the cells frozen in Squid nitrogen and stored at -70 ^C. 
bnmedtately before electroporation the cells were thawed on ice and 1-2 fMi of the DMA 
5 sdution (10-100 ng in de-ionised water) added. The cells were then transferred '^ ice 
cold electroporation ceDs (0^ cm gap) and electroporated at iZ5 KWcm, 400 Ohms 
resistance and 25 capadlanoa Immediately aRer electroporation 960 of ice cold 
SGM17MC medium {GM17 plus 0.5 lA sucrose, 20 mM Mga2 & 2 mM CaCy was 
added to the cuvette and the cefls transferred to a microcentrifuge tulje on ice for 10 
10 mih. The cells were then incubated for 2 h at 30 in GM17 to allow the ceUs to 

recover before pla&ig on GM17 antibiotic medium. Transformation eftidencies obtained 
using 10 ng of supercoiled plasmid DMA were typically in the order of 10^ colonies/^g 
of DMA following an overnight incubation at 30 ^C. Eco/f were transformed by 
electropoFE^on usng standard procedures.^ 

15 



5. Inducgon and analvsfe of target gene products. 

The host iactoooccal strams contaimng the target gene vectors were routine^ grown 
in GM17 contaihflng the selective anGUo&c: Exponenfially growing oeDs were induced by 
20 repladng GMf 7 for LM17« For the expression of target DMA the celis were grown at 37 

Total osXi protein extracts were prepared from samples of approximately 1x10^ cells. 
The cells were harvested t>y centrifugation and resuspended in 100 p^f of TE (10 mM 
Tris-HCl, 1 mM EEDTA, pH 8.0) containing ireshl/ added iysozyme and mutanolysin to 

25 final concentrations of 5 mg/ml and 100 units^ml respective^ and frtcubated for 5-10 min 
at 37 ^C. The cells were then washed twice iMth 0.5 ml of TE and resuspended in 75 fiJi 
of TE. The cells were iyeed following the adcEfion of 2x SDS PAGE sample buffer^ 
and boDed for 10 mnn to denature and sotubSse the protcdns. 

TTFC was assa^ from the supematants of cuttured bacteria using EUSAand 

30 Immunoblotfing techniques. After the cdls were pelleted by centrifiigafion 5 ml aKquots 
of the supernatant WOT tittered tiirough 0^ p.m millipore fitters and cEalysed against TE 
(10 mM Tris-HCI, 1 mM EDTA, pH 8.0). To tnhitnt protease acfivify EDTAand PMSF 
were added to the dialysis tiag to final concentrations of 1 mM and 0.1 mM respective^. 
Proteins were predpttated for SDS PAGE by the addition of tridiioroacetic add to a final 

35 concentration of 10% at 0 ^C. After centrifugation the protein pellet was suspended in 
1M Tris base and tiien mixed wiU) an equal volume of 2 x SDS sample buffer for 
polyacryianude gel electrophoresis. 
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6. Fractionation of Lactocoocus, 

Lactooood were recovered from medium by centrifugation fbOowing the addition of 
Naa to a final conoentrafion of 1M. The cells were washed twice in Wash Buffer (VVB: 
100mMTris-HapH7A5mMMgCl2^ 2 mM EDTA, 1 niM PMSF) and each gram of 
cells (wet weight) resuspended in about 3-4 ml of tee cold WB containing protease 
inhibitors. The cells were homogenised with 40-50 g of glass beads (0.10-0.11 mm 
diameter) in a Braun ceil homogeniser (model MSK) for 2 x 30 sec with the CX>2 
cooDng system in operatioa The glass beads were removed by filtrafon through a 
coarse stntered-^lass filter and the homogenate oentrifuged at 10,000 g for 15 min to 
pellet the cell waDs. Ihe membranes were removed from tfie soluble proteffi fraction by 
centrifugafion at 144,000 g for 75 min at 4 Protein concentration was estimated by 
the bidnchoninic add assay (Pierce Europe Inc) using BSA as the standard. 

7. Immunoblottino and EUSA 

Proteins from total ceD extracts and culture supematants were separated by SDS 
PAGE and eleclnrt>lotted onto rttroceUulose.^ The transfer of prote&i was chected by 
reversibly staining the filter with Ponceau S. after which the TTFC was detected by the 
use of a rabbit anS-TFFC antiserum and alkaGne phosphatase-oor^ugated goat 
anti-rabbit immunoglobulins (Nordic Immunological Labs U.K.). Fbr the TTFC EUSA the 
mcrotitre plates were coated vnth standard amounts of purified TTFC as weD as soluble 
protein extracts and supematants from the control and expressing strains (in iOO fiXI by 
incubating for 3 h at 37 ®G and then overnight at 4 ®C. The plates were then blocked by 
adding 150^4 of blocking buffw (PBS containing 0.05% Tween 20 and 0.5 % BSA), 
washed once with PBSW).05% Tween and then Incubated with rabbit anti-fragment C 
antisenim (diluted in blocking buffer) for 2 h at 37^0. The plates were Washed 4 times in 
PBSnrween and then incubated with tiie aDcafine phosphatase-conjugated goat 
anti-rabbit immunoglobufins (Nordic) for 1-2 h at 37 The plates were then washed 4 
times in PBS/Tween and finaBy in PBS before developing with OPD. 



8- Constructfon of T7 expre ssion shuttie vectors for use in Lactococcus lacUs. 

The EcoRV/Bglll fragment from pET-3a oontaning the bactmophage T7 promoter of 
gene 10. Ss translation initiation region and transcription termination signafi was purified 
and Ggated into p18N (see Tabto 1) cut with BamHI and Hindi (see p18NT7 Fig 1). 
Competent EcoB 'SURE cells were transfonned with tfie Ggated DNA and individual 
clones ^'cked and tested for the recombinant plasnud as described in Materials and 
Mettiods. 

Plasmid p18NT7 was modified for expression and secretion m Lactocoocus bctb by 
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replacing the T7 bacteriophage gene 10 translation initiafion region vrith Ihe riboeome 
binding site and signal leader sequence of the serine proteinase of Lactoooocasbc^ 
The relevant proteinase (b£8 gone DNA fragment was obtained by PCR amplification 
using primers with 5" extensions contsdning restriction endonuclease sites for either 
Hindlll or BamHI. A Sal! restriction ^e was also included in the 5' overtiang of the 
anti-sense primer to allow gene fusions to be made to the prt leader. A Salt restriction 
endonuclease site can also be deaved by AccI or Hindi thereby allowing gene fusions 
to be made in any of the thr^ reading frames. (Sequences of the primers are given 
above.) The PCR ampBfied DNA was cut with Hindlll, then blunted with T4 DNA 
polymerase and cut with BamHI. The digested fragment was gel purified and ligated to 
p18NT7 cut with Xbal and blunted and then cut with BamHI to generate p18NT7LVF. 
Conq)etent £co/f *SURP ceils were transformed with the ligated DNA and nrtdiWdual 
dmes [nskdd and tested for the presence of the correct insert by restriction en^e 
digesfion and agarose gel electrophoresis. A plasmid map of done p18NT7L1 VF (LI VF 
s tignal lead^ 1r variable frame) and detaas of the sequence constnictions can be 
foundfriHg. 1 and Hg. 2 respectiveiy. 

A second lactococcal signal leader of the 45 kD unknown secreted prolan fus p 45 ) 
of Ladococcus lacSs ^ was synthesfeed using long overiapping oligonudeofides 
which were annealed and extended using T7 DNA polymerase. The double stranded 
product was cut with Ndel and BamHI, gel purified and figated to Ndel and BamHt cut 
P18NT7 to generate pl8NT7L2VF (see Rg 1; 12VF =r signal leader 2; variable frame). 
This signal leader replaced the T7 bacteriophage gene 10 coding sequence in p18NT7 
without altering frie nudeotkle spasAig between the ATQ start codon and the Shone 
Ddgamo secpienoe as drawn in Hg 2. As for leader 1 the last amino add of the signal 
peptide proceeds a San reslrictton site to altow gene frjsfons to be made ^ 
three readtfig frames. 

fn order to express fore^ genes h L facSs udng the modified sequences for 
expression wBh T7 BNAl polymerase descrfoed above it was necessary to fransfor the 
EooRI and Hfridlll fragment of p18NT7LVF and p18NT7L2VF to shuttle vectors wMch vrill 
replicate fn UacBs. Two shuttle vectore for doning in EcoBani LbcBs pMIGI and 
pMIGS were recently constnjcted which have different copy numbers in LbcBs (Rg 3). 
pMIQl cont^s the pSH71 replicon of Lladis repDcates at high copy number in 
LfacSs strain MG1363 (about 100 copies per t>acterium in a stationary culture) and is 
capable of replicafion in Rec A^ Ecoli and B. sublilis. Plasmid pMIGS a low copy 
number vector in LlacSs (several copies per bacterium in stationary culture) but 
replicates at high copy number in all the commonly used laboratory strains of £co£ The 
plasnnds pMIGI and pMlGS were cut with EcoRI and Hindlll and ligated to the 
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BsoRI-Hlndlll cut fragments of p18NT7L1VF and p18NT7L2VF. The resulting plasmids 
for doning and expressing target DMAs under control of a T7 promoter in Ladococcus 
are designated pLET vectors (piasmid for Lactocooca/ expression tiy J7 RNA 
polymerase). Plasmids pl.ET3 and pLET2 are pMIGI vectors containing the T7 
5 expression cassettes from pi 8NT7L1 VF and pt8NT7L2VF respectively; pL£T33 and 
pLET32 are pMIG3 vectors containing the T7 expression cassettes from pISNTTUVF 
and P18NT7I.2VF respectively (see Fig 3 for examples). 

The T7 expression cassette in p18NT7 was also removed from the plasmid p18N as 
an EcoRI-Hindlll fragment and Dgated to the EcoRI and Hindlll cut shuttle vector pMIGI 
10 to generate the vector pLETI which lacks a signal secretion sequence The sequence of 
this expression cassette is also shown in Hg. 2. 



9. Oonstmctkin of a Lacif^r^nral vector for I ndudble Exores^n of T7 RNA Potymorase 
In order to over-express for^gn genes in bacteria it is necessary to have an 

1 5 inducible system, othenwise the products may be sufficiently toxic to prevent isolation of 
the recombinant strains. Furthermore, a regulated expresdon system allows the 
expresdon strains to be grown and maintained under conditions which are minimally 
selective for organisms which might othenwise escape expression by spontaneous 
mutation or by loss of the recombinant plasmids. To allow for these possibilities the 17 

20 RNA polymerase gene was placed under the confrd of the recently reported 

Lactococcus bcth lactose indudble promoter which regulates expr^ion of the lactose 
operon genes.® 

The T7 RNA polymerase gene fri plasrrid pAR1173 (Table 1) is located on a 2.7 kb 
BamHI fragmart comprising the enfire gene and 24 nucleotides upsfream of the 

25 translation start codon containing the Shine Dalgamo (SD) motif reqidred for franslation 
initiatioa To facilitate further ctoning procedures the BamHI fragment from pAR1173 was 
cloned into the BamHI site of pUCI 8 to generate pUCPoI (Rg 4). The BamHI site at ttie 

end of the gene precedes a Bglll site at wtA:h the the |ic promoter and represso 
gene were inserted. The ^ promoter and its repressor were isolated by PCR 

30 amprrfication using primers v»th a BamHI site at the 5* end so that after ligation to Bglll 
cut pUCPol the SD of the T7 RNA polymerase replaced the SD of the tis operon 
promoter sequence (see pUCLacPol Fig 4). 

The Lac repressor (LacR). and T7 RNA polymerase gene under control of the 
regulated Llactis Jac promoter was soiated and purified from BamHI cut pUCl^oI and 

35 Ggated to BamHI cut plL277 (Fig 4). The resulting plasmid (pILPol) Is low copy (several 
ooftes^odll) fri UacUs and confers resistance to erythromycin, finally, a host strain for 
expression by T7 RNA polymerase was estabGshed by transforming strain MG1 820 with 
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pILPoL Strain MGt820 carries a large 23.7 kb plasmid containing the genes required for 
growth on lactose (Table 1). 

10. aonihQ of Tetanus Toxin C Fracyment in Lfecfe Expression Vectors. 
The tetanus toxin gene fragment C (TTPQ which Is non-toxic and invoh^ed in 
gangDoside binding of the holotoxin to animal neuronal cells has been cloned and 
produced in ExoB.- We have used this gene Iragment as a test protein for expression in 
UacBs because it is derived from a Gram-positive bacterium and can be easily detected 
by Western blotting and EUSA. 

The gene for TTFC can be removed from the EcoBTTFC expres^on vector 
PSS1261 (Fable 1) by digesGon vrith Sail and PsU. This plasniid was therefore cut with 
I^. the DMA blunt-ended with T4 DMA potymerase and then cut with Sail. Thb gene 
fragment was purified from an agarose gei and ligated to BamHI cut* blunted and Sail 
cut pLETS & L2 and pLETSS & L2 (an example is shown in Hg 3). 

The DMA fragment encoding TTFC was also cloned into the BamHI site of pLETl to 
generate an expression plasmid pLETl-TTFC; the reading frame was preserved with 
respect to the first 33 nucleotides of the T7 gene 1 0 so that it was in frame with the first 
11 amino adds of the T7 bacteriophage gene 10 protein. In order to achieve this a DMA 
fragment encoding TTFC was amplified by PCR using a sense primer with a resfricHon 

for Bglir at its 5* end, and an antisense primer with a BamHI site at its 9 end. The 
cohesive ends generated by culling the PCR fragment enoocfing TTFC with Bglll and 
BamHI are said to be compatible and can both be Ggatad into the BamHI site In pLETI . 
However, the Bglll-BamHI ligated ends can not be re-cut with either enzyme. This 
doning straiegy permits the pLETI^TTFC construct to be re-cut with BamHI only at the 
3' end of he TTFC gene thereby providing a unique dorvng ^ wtdch can be used to 
mate gene fiisions to TTFC. 

The T7 expresrfon vectors containing TTFC in fiame with the first 1 1 amino adds of 
the T7 bacteriophage gene tO protein (pLETl-TTFC) or vwth either signal leader 1 or 
signal leader 2 were fransfenBd to the UacSs host strain for T7 expression (MG1820, 
pILPot Table 1) by electroporation. The host strain was also fransformed with the 
vectors pMIGI and pMIQS to provide controls for the ensuing mperiments. 

11- Expression of Tetanus toxin Fragment C in Lfecfe 

The recombinant dones for expression of tetanus toxin fragment C, and the confrol 
stredns were grown to an optical density at 600 nm (ODgQQ^ of about 0.5 in glucose 
mecfium (GM17). Expression of the TTFC gene was then induced by pelleting the cells 
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and resuspending them in lactose medium p/117) to an OD^qq^ of about 0.3. Total 

protein extracts and TGA precipitated protdn samples from the culture supematants 
were prepared at differmt times after inducGon. 

In a Coomassie stained gel of total protein extracts from pLETI-^TTFC prepared two 
5 hours after induction TTFC was the most alnjndant protein detected (Rg. 5a). This 
protein was not detected in extracts prepared from the control strain two hours after 
induction. The results of Western blotting with total cell protein extracts prepared from 
the pLETI -TTFC strain confinned that TTFC was expressed in induced cells. It was also 
expressed at low lev^s in uninduced cells (Rg. 5b). 

10 The results of immunoblotting total oeU extracts and proteins precipitated from the 
culture supematants of the expression-secretion strains (pLETS-TTFC and 
pLETa-TTFC) vwth TTFC antisenim also fridicated that induction of TTFC gene 
expresaon by lactose led to the formation of TTFC (Rg. 5c & d). Furthemwre, both 
signal leaders were able to mecfiate secretion of TTFC frito the culture medium. 

15 However, the two strains differed vidth respect to the emounts of TTFC deteded In ttie 
total cell extracts; TTFC was only detected In low amounts in pLET^ 
2 h after induction whereas sidbstantiaOy more TTFC was detected in the cell extracts of 
the pLETZ-TTFC strain. A marked feature of aD the immunot>lot8 was the detection of a 
high molecular weight species of TTFC ki the total cell extracts of these cells. This 

20 product is most likely to be the unprocessed (signal sequence +TrFC) fomi of the 
protein (arrowed in Rg. 5d) In contrast the results obtained vidth the signal leader 1 
liiston construct (pLET3-TTFC) showed that TTFC did not accumulate In the cytoplasm 
of these cells, but was co-translationally secreted into the growth medium (Rg. 5c). No 
TTFC was detected fri the total cell extracts or culture supematants of the pMIGI control 

25 strains. 

The levels of TTFC produced by the tow and high copy expression secretion vectors 
carrying the T7L2 expression cassette (pLETZ-TTFC and pLET32-TTFC) were 
compared by immunoblotting. The results of Western btots with anti-fragmoit C senmi 
to total celt protein extracts and prot^s prediMtated from the culture supmiatants of 

30 these sfrains is shown in Rg 6a and 6b respectively. As above the results show that 
TTFC was detected in the cell extracts and culture supematants of this strain fbUowfrig 
induction by lactose. No TTFC was detected in extracts of these ceBs grown in glucose 
or in the control strains. Strikingty there was fittle difference in the apparent levels of 
expression between the low copy and high copy number vectors carrybig the target 

35 gene. 
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12. Assay of TTFC in Cultur e Suoematants and SofublQ Pfotein Extracts of 
Lactoooccus lacBs. 

Cens from the expresaon strain pLETI-TTFG (which lacked any secrafion signal 
leaded and from pLETS-TTFC (secretion leader 2) w^e dtsnipted 13 to 2 hours after 
5 induction by mechanical bomogenisafion. Several dilufions of the protein extrads (m 

duplicate) and of purified rTTFC from £. coHr (in dupticate) were used to coat a microtitre 
plate for an EUSA. The amounts of TTFC in the soluble extracts of these strains were 
determined from ^e standard curve, and the percentage of TTFC as soluble protein in 
tfie extracts of pLETI-TTFC and pLET2-TTFC %vas calculated to be 22% and 3.4% 

10 respecttveiy. No TTFC was detected in the soluble extracts from the control sfrain (which 
hartxuired the pMIGI vector iaddng the T7 expression sequences and TTFC gene). 

Fhre micrograms of soluble protein and a proportional amount of the washed 
insoluble fraction from each stravi was analysed by SOS PAGE and Western btotUng 
vwlh antHTTFG. Tlie results (Rg 7) show that TTFC is detected on^ in plJEr2-TTFC 

15 and not ffi the control strain, friterestingly, TTFC Is sdso evident in the insdubte fracfon 
from the expressing strain suggestirq that the protein mfght have aggregated in the cell 
to fbrni onsolubfe faidi^ton-like bodiesL 

In ord^ to detmntne fiie amounts of TTFC secreted t>y the L bcSs sfrafris 
pLElB-TTFC and pIJEr2-TTFC the cuttures were induced and the culture supematante 

20 (taken at different times after induction) assayed for TTFC by an EUSA. Rg. 8a shows 
that these strains reached stationary phase of gmwth approdmately 4 hours after 
induction and that the pUETS-TTFC strain grew more slowly than did cells which carried 
pt-ETS-TTFC or the pMIGI control and did not readi tiie same finaf cell den^. When 
TTFC secretion was assayed over a 6 h time course following induction (Rg. 8b) ttie 

25 amounte of TTFC secreted into ttie growth meditsm by the strain w^ 

pLETS-TTFC reached a plateau (approxanately 1 pg/M) when the cdls entered 
stationary phase. The quantities of TTFC secreted into ttie growtti medium by 
pLETa-TTFC were higher (appro^dmalely 2 ^usgAnl after 6 h). TTFC was not detect^ in 
ttie supematante of the pMIGI oonfrol strain. 

30 b) viewof the slower growtt) rate of pLET2-TTFC strain compared to ttie 

pLETS-TTFCand the pMIGI control strain ttie numbers of dead ceHs present at 
different times after induction were detemnned by adding propidtum iodide (PI; 10 
mg/hil) to dilutions of ttie cultures in PBS, and ttie cells examined by phase contrast and 
fluorescence microscopy. The results indicated ttiat less ttian 0^ of ttie bact^ in ttie 

35 pLEra-TTFC and control strain were pmneable to PI 6 h after inducfioru Appro)dmately 
5% of ttie bacteria in ttie pLETZ-TTFC culture became permeable to PI after2 h and 
ttiis proportion increased to appro)dmately 10% at 6 h. This suggests ttie pos^ifity ttiat 
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some of the TTFC detected in the growth medium of this strain could have leaked out 
from dead cells. 

Since the growth and viability of the pl.ET3-TTFC strain was unaffected fbOowing 
the inducfaon of TTFC production this strain was induced at low cell density and its rate 
5 of growth and TTFC secretion monitored over 6 hours. These results showed that the 
amount of TTFC secreted into the growth medium was proportional to the cell density 
(Rg. 8c). During the exponential phase of growth the anfK)unts of TTFC secreted into the 
growth medium was calculated to be approximately 2yug/ml^our. 

.10 13. Discussion of expression results 

These results demonstrate for the first time that it is possible to construct a system 
for the regulated expression, and optionally secretion, of substan&d quanfifies of a 
heterologous gene product in JLacfooocotis lacUs. 

In our system gene exfrassion can be induced by the addition of lacfose to the 

1 5 growth medium, although the mechanism by vAudti the mducer is formed differs from 
that found in the wen-known 1^ operon of EcoB, since the pathways for the cataboHsm 
of lactose are known to be very different in the two organisms. In order that the inducer 
metabolite of lactose would be fomried we used a strain of Llactis (MGt820) whkii 
cam*es a 23.7 kb low copy number plasmid encoding the lactococcaf ^ operon. The 

20 expression strain of UacUs was also transformed with a recombinant tow copy number 
plasmid (pILpol) whkii carried the T7 RNA polymerase gene under the control of ttie 
tadococcal |ac promoter. The inducer prevents a repressor molecule bfocking 
transcriptfon at this promoter, and the consequence is that T7 RNA polymerase is made 
In the oeL The T7 RNA polymerase has such a tight spedfidty for its cognate promoter 

25 sequence (present in this case on the DNA of the target gene piasmki: plff vec^ 
family; see Rg. 2 & 3c) that it initiates transcriptfon. and transcribes the target gene 
RNA. The host cell protein translatfon and secretkxi machinery then produces the 
heterologous protein, and secretes it if the protein has a secretion signal sequence. Our 
target gene vectors incorporate a refdioon which wOl repBcate in a large number of 

30 Gram-positive bacteria, including all spedes of lacfic add bacteriia, a number of baa1G^ 
several streptococcal spedes, Oostridia, Listeria, and E co/t-Hence, the vectors 
described here may t)e useful for the development of T7 based expression systems in 
these other organisms. 

The gene for TTFC was doned into the expression vector pLETI and high and tow 

35 copy number pLET vectors into w^ch one of two different secretion leader sequences 
had previously been doned (LI & L2). Subsequently the L/acf/s expression host (by 
then carrying the lactose operon plasnrrid 1820 & pILpoI) was tarther transformed with 
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the target gene plasmlds. When these cells were induced gene expression mediatiad by 
the regulated producSon of T7 RNA polymerase was observed No TTFC protein was 
detected in the supematants or cytoplasmic tractions of a pMIGI control strain. The 
pLETI-TTFC strain produced approximately 22 % of soluble protein as TTFC after just 
5 two hours induction. Both the seaetion signal sequences used directed the secretion of 
TTFC orrtothe growth medium, but TTFC was only found in substantial amounts (3.4% of 
soluble protein) in extracts firom the pLET2-TTFC strain, in which ttie lactococcal usp45 
signal leader (L2) was used to direct secretion. Since sinular amounts of TTFC were 
secreted by oelis which carried either of the two signal leaders the intracellular 

10 accumuIaBon of TTFC in the pLETZ-TTFC strah was probably a consequence of higher 
levels of expression. This residt was surprising^ It had been expected that ttie 
pLETS-TTFC strain might produce more protevi than the pLETZ-TTFC strain, since in 
the T7L1 expres^n cassette aD the sequences downstream of fiie T7 promoter and 
RNA staUEzing sequence mchidnng the ribosome Undmg site are of lactococcal ori^n. 

15 The reasons for the tower levels of gene expression seen with tie pLETB-TTFC 

construct are unknown. One possibflily is that the S secondary structure sequence and 
the Shine-Dargamo sequence of the two mRNA*s promote protein transfafipn initiatton at 
different rales. These factors might also account for the higher levels of TTFC 
expression obtained vrith the pLETI vector compared to the expression-secretion 

20 vectors pLEre-TTFC and pLETZ-TTFC- 

tmmunoUotting of extracts of flte soluble and insoluble proteins of the expression 
strain harbouring pLETZ-TTFC prepared two hours after hdudion showed that most of 
the TTFC recovered in the soluble protein fradton was of a lower mdecular w^htthan 
the TTFC associaled indth the insduble fraction. This difference in molecular wtight 

25 impEed ftat intraoelhdar soluble protm bad been processed to its secreted form, whilst 
intracelluiar insoluble protein remained uiq>roces8ed.This suggests that nearly all of the 
TTFC recovered as soluble proteiri from in ttie cell has been mmitrane translocated 
and probably Ges between the cytoplasmic membrane and the cell wail. If this Is In foot 
the case the rate of diffusion of TTFC through the cell wall must be 'the rate Gmiting step 

30 in protein secretion, at least under the growth conditions used here by us. The TTFC 

detected in the insoluble fraction by SDS PAGE and immunoblotting might arise from the 
aggregation and predpiteHon of protdn in the cell as commonly obsen^d for other 
recombinant proteins which have been over^exprsssed in E co£ Altemafiveiy, this 
unprocessed form of TTFC nnght arise from ceil membrane which has remained 

35 associated with the ceD wall during fraclionafion. 

The TTFC delected in the sohibte and insoluble fraciions.of mechanically 
homogenized cells was apparently undegraded wMe some degradation was evident in 
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total cell extracts prepared ty a slow extraction procedure involving the incutiation of 
ce&s vrith lysozyrhe and mutanoiystn at 37%. It is Gkely that the enzyme dijgestion of the 
wall and the sut)sequent wasMng steps in the absence of any protease inhibitors 
acfivated degradative processes in dying celts. The TTFC secreted into the growth 
medium of cultured ceils t>y our expresdon-secretion strains remained undegreded even 
after incubation for 22 hours. These results encourage the beGef that protease 
degradation will not impede the use of L lactis for heterologous protein producGoa 

In our experiments the cells were induced during the mid-exponential phase of 
growth and reached stat'onary phase about 3-4 hours after InductiorL An accumulation 
of intracellular protein was not detected In total cell extracts at 6 or 22 hours after 
induction, although the amounts of TTFC secreted into the growth medium increase 
about 10-20 fold during this time. In Gght of the above results it seems most likely that 
expres^on by T7 polymerase is Gmited or infubited when cdlls enter the stationary phase 
of growth and that the amounts of TTFC secr^ed Mo the growth mec&tm bicrease with 
time as the protein diffuses thnxqh the cell wall. 

The growth and ^'ability of one of our expression - secretion strains (pLETS-TTFC) 
was identical to that of the pMIGI control stain even when grown from low cell den^ in 
ttie presence of tiie inducer. In the exponential phase of growth this strain secreted 
approximately 2jU^ of TTFC per hour into tiie growth mediunt 

A furtiier improvement to our expression system would come from elimtnafing the 
need for antibiotic-mediated selection for the piasmId-t>ome lie promoter & T7 RNA 
polymerase sequences t)y integrating ttiese into the chromosome of an L ladb host 
strain. Expressfon cassettes incorporating tiie target gene could also be integmted into 
the host genome for similar reasons. Our recent restdts imply that suA . 
be unSkely to diminish product yield. We have found that similar amounts of TTFC were 
produced by both tow and high copy number TTFC expression vectors wfddi implies 
tiiat maintenance of a hi^ copy number of the target gene is not required for ttie 
system to yield substantial quantities of target gene product These results allso give 
reason to believe ttiat in addition to ite potential use for vaccina antigen ddivery L bcUs 
could be further developed as a safe and useful addition to the group of microorganisms 
which can be used for the production and secretion of recombinant proteins in soluble 
form. 

14. In vivo data - Immune responses 
General 

Mice were immunised by subcutaneous or oral administration of recombinant Llactis 
cells expressing TTFC. The cells were induced with lactose for 2 Hours, then washed 
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and resuspended in 100 PBS for subcutaneous administration of 0.2 M sodium 
- btcarbonateibr oral admihistratioa 

Bcperimentir subcutaneous admimst ration fDLETg-TTFq 

Balb/c male mice, 5-6 weelcs old at the start of the experiment, were divided into 
four groups, each of six animals. 

Group lireceived on each of days 0 and 1 subcutaneous inoculation of > 1 x 10® 
recombinant LiSac& cells expressing TTFC from the pL£T2-TTFC vector. 

Group 2:reoeived on each of days 0 and 1 subcutaneous inoculation of > 1 x 10® 
LbcSsvMdti did not express TTFC fta negsdive control to cfistinguish over any effect 
due to the admihistrab'on of Liacfe perse). 

Group 3:r8ceived on each of dags 0, 1 5 and 58 subcutaneous bioculation of 1 0 |ig of 
commercially available TTFC Iragment C in PBS (ue. posSUbfe control comparison of 
TTFC in avaiteriUe purified TTFC conventionally used for immunisation)* 

Group 4:received no inoculation (ue. straight negative oontroQ. 

AD four groups were challenged on day 65 with a single std)cutaneous dose of 
tetania toxin of approx 2-4 LD5Q, and were examined 24 hours post-challenge. 

In ffie two negative control groups (2 and 4), all sbc arumals showed obvk>us 
symptoms of parsAy^ (and were humanely dispatched as required by iau^ Inbothihe 
posiBva control group (3) and the Uaciis TTFC group (1 ) r all animals were 6ea of 
symptoms ai 24 hours p.a» aUiough one arumai in group 1 showed irdld paralyfio 
symptoms after 72 hours. 

These results diow ttiat TTFC expressed and contained intraocrilulariy in Lbu^ is in 
a btolo^cally acSve conformation capable of giving a protective effect against the 
pathogen amilar in land to that obtained by conventional^ used purified TTFC when 
administered subcutaneously. Also, it shows that the immunogenicrty of anfigens 
expressed in UacSs is not limited only to anfigens originating from closely related 
bacterial species such as Streptococci (jwaki et aL). 
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Experiment 2: subcutaneous adrn'mtstrafion fp L FTI-TTFC vs DLET2-TTFC) 

s This experiment compares the protedivBeffM of the pLET2^^ 

product (see Experiment 1) with the pLETI-TTFC expression product As shown at)Ove: 
\ 5 whereas pLET2 is a secretory construct which nevertheless retains TTFC Intracellularty 

at about 3.4% of soluble protein, pLETI is not a secretory construct and TTFC 
accumulates intracellulariy to about 22% of soluble proteins. 

CBA mice were inoculated subcutaneously three times at two-weekly intervals. 
Those mice showing significant increases in serum antibody were challenged with 
10 purified tetanus toxin subcutaneously 14-20 days after the last inoculation. 

For each TTFC construe!, the ntioe were divided into three groups, recei^dng 
iespecth^5x10^.5x10^and5x10®reoonribinartLfacfeo^^^^ Fbrchanenge, 
each of these groups was divided into two sub-groups, receiving respectively 20 x LD^q 
and 5 x LDgQ tetanus toxin. The results are shown below. 



fLETZ-TTFC 


5x10® 

sxioj 

SXiffi 


0/4 
0/4 
4/4 


0/3 

m 

3/3 


1 pLETI-TTFC 


5X1 

Sxio; 

5X10* 


n/d 
4/4 
4/4 


3/3 

a/3 



These results show that the high-level intracellular expressor pLETI-TTFC Uactis 
20 strain is approximately 10-fbld more effective at providing protection than the lower-level 
intracellular expressor PLET2-TTFC. In other words, despite being expressed 
intracellularty at a very high level in the L/acfe cells, the TTFC proton nevertheless 
appears 1o assume more or tes fiilly its confonnationally active state (since B-cells 
respond to conformation^ epitopes) for providing a protective effect; a result stnldngly 
25 different from that commonly found when heterologous polypeptides are expressed at 
high levels in EcoH for example. 

In other experiments (data not shown) by comparing the TTFC Lfacfc inow 
dos^e level required to ach'^ a folly protective level of antibody h di^ 
(BattVc and C57BU6), it was found that the plfTI-TTFCLibcfn^ strain was more 
30 eflecthfe than the pLET2-TTFG strain, to the extent that, for a given doss^e level (na of 
cells) it required one less dose to reach that protective antibody level, orfor a given 
number of doses the protective antibody level was achieved with a 10-fold lesser 
dosage level (no. of cells). In short, these data tend to confimn the inferences drawn 
above from the CBA data 
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BcperimentS: oral administration 

C57BL/B mice were oraHy inoculated vinth UacBs strains pLETZ-TTFC and pLETI- 
TTFC. Three mice per group were used. Groups of mice were oraOy inoculated (under 
5 eVti&r anaesthetic) with the foDowtng doses of Ua(& strains resuspended In 0^ 
sodhim bicart)onate buffer 



Group 1: 5x10^ pLET2-TTFC 

Group 2: 5xf0® pI-ET2-TTFG 

10 Group 3: 5x10^ pLETl-TTFC 

Group 4: ScIO® pLETI-TTFC 

Group 5: lOOmf sodium Ucarbonate alone. 

Group 6: satP pMIGI (non-TTFC expressor strain) 



15 The immutisation regime was as follows: 



1: Blood samide ol}t^ned from tail van 

Day 3: Oral Inoculation of mice 

Day 11: Blood sample obtained from fal van 

20 Day 25: Blood sample obtained from faO vein 

Day 32: Oral inoculation 

Day 39: Blood sample obtained from tail van 

Day 83: Blood sample obtained from taO vein 

Day 90: Blood sample obtained firom fair vein 

25 DaygTt Blood sample obtained from tail van 



Blood was stored ovemi^ at 4(rC, ooiirauged at room temperature for 5 minutes 
and senim transferred to a sterile tube. Sodium azide was added to a conoentraGon of 
0.a2M and the samples stored at -20X until required. No additional acQuvant was used 
30 for inoculation. 

Systemic (semm) antibody (IgM and IgG) to tetanus toxin was detected from the 
blood samples in an EUSA assay using tetanus toxoid as the antigea 

For mucosal antibody (!g^» the samples were equalised to 1 mg^ml of total IgA prior 
to detenninafion of the anti-TTFC antibody titre. 
35 The results showed that the mice in group 4, which had received 5x10^ pLETI- 

TTFC L lactis ceDs (the fugh-level non-secreting strain), gave signtficantiy raised levels 
of anfi-TTFC soluble IgA after the third inoculation. No significantly raised levels of IgA 
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were detected in any of the other groups. 

As regards IgG and IgM. preliminary results suggest a significantly raised anti-TTFC 
IgM level from group 2, vnth a lesser re^nse from group 4; ¥Mb the ot)served IgG 
levels remsuned low, but with a possibly significant increase in group 2 again. 
5 These results dearly indicate a positive mucosal response from the oral 

administration of TTFC contained intracelhilariy vwthin the L lactis cells. This compares 
vwth the straight oral administration of TTFC (vrfth or without adjuvant) which is not 
known to produce any significant immune response, and indicates an important effect 
from the cellular encapsulation in getting the TTFC expression product to the appropriate 
10 location Ibr irtductng a mucosal bnmune respmse, and of course still in an 
immunolo^caily active configurafion. 

So fEU* as the systemic immune response is concerned, if the preliminary data so far 
are confinmed and qitimised, it may incficate that the effect is associated mth lower 
levds of immunogen (eg the low-expressor pLETa strain rather than the higher 
15 e^qsressing pLETI strain), or wim in vivo secretion of TTFC from the odis (again, 
secretory pLETZ vs non-secretory pLETI). 

General rermrks on the in vivo data 

TTiese results show for the first time the expression in Lactococcus of a non- 
20 streptococcal (non-lactococcal) antigen which, when administered orally, produces an 
immune response. . 

They also show that a heterologous protein can be expressed in Lactococois and 
accumulated intracellularly at high levels as soluble protein in a Uoiogically active 
25 confbnnatioa in particular, ttiis enables immunogmic proteins to be delivered in the 
protective environment of the expressing odi to a subject to be immunised, thereby 
operdng up new possibilities for vaccine production and defivery systems. 

gxampIoZ 

30 

3. Expression of membrane a nchored proteins in L lactis 

Construction of an expresaon vector for tiie membrane andioring of antigens and 
ottier protdns in Llactis 

Since it is known fliat some antigens are most potent if tiieir epitopes are exposed at ttie 
35 surfcioe of readily phagocytosed partides such as bacteria we have developed a 
procedure which pennits an antigen such as TTFC to be anchored in the plasma 
memtrane of L bcOs. 
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This was done by creating a fusion protein incorporataig the membrane anchoring 
domain of the lactoooccal oeD-wall associated proteinase gene from L lacBs as a 
C-fenrunal fusion to TTFC. 

The expression vector was constructed in the following way 
5 1 - A DMA fragment encoding the cell-wall and membrane anchoring domain of the 
proteinase (PrQ gene of L lacUss\r2in NCD0763 (nt 6518 to 6913) was obtained by 
PGR anrq)Irfication using appropriate primers based on the published sequence.^ To 
fadlitate doning the primers were designed to incorporate BamHl and Bglil restriction 
sites at the S and 3' ends of the gene respectively. 

10 2. The puriifed PGR fragment so obtained was cloned into the BamHI site of a modified 
pLEnSvector to generate pl^4. In plasmid pL£r4 a unique BamHI restriction 
endonudease site fes t)etween the »'gnal leader and the wail-epannnig and membrane 
anchoring domain. It is at this sito that target genes can be inserted. 

As an example of such a construct we show here that it is posdble to derive a 

15 cdl«4nembrane anchored ver^on of TTFC. The same PGR derived 0I4A fragment 
encoding TTFG that was doned into pLETI was also ligaled bito the BamHI site of 
plasmid pLEr4 to generate pLET4-TTFG. When the expression strains carrying 
pLEr4-TTFC were induced a fusion protein of correct size was seen and could be 
recognised by anti TTFC antibody (Rg. ISaO. The results of Immunoblotting experimente 

20 with sub-cellular fractions of induced cells showed that the fusion pmt^n was not 
present in in the soluble cytoplasmic fracBon and was present in membrane arfd 
msduUe fiacGons (Rg. 15b). These results demonstrate that all of the fusion protein 
produced Is Intnnateiy assodatod with the cell membrana 

25 BfflmplQ3 

1, Bopresaon of HIV 1 vatoopan Hoenh lactoc^^ 
iQlEgducBon 

When the human immunodeliden^ virus (HIV 1) is transmifted from person to 
person it commonly infects its host across the mucosal membranes'of the male and 

30 female genital organs. These mucosal surfoces Gke others in the body, are bathed by 
glandular sec^ons whidi contain locally produced immunoglobins of the dase known 
as secretory IgA (slg^. Such immunoglobins are believed to consSute an important first 
fine of defonce against infection. lthast)TOn observed for a number of diseases that 
protection against onfection is more doseiy correlated woth secretory antibody formation 

35 than it bvAh systemic antibody formation. For this reason methods of sfimufating 
adequately protectivB and prolonged sIgA responses are of considerable practical 
importance since fliey would enable one to develop vaccaies which would provide 
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protection against infecGon rather than protection against disease. Most conventional 
vaccines available at the present time aim to acfivate the systemic immune system so 
that it sutisequently Bmits the multiplication and spread of the infectious agent against 
which the corresponding vaccine is directed. For most diseases the distinction between 
5 protection against infection and protection against disease is not particularly significant 
In the case of HIV 1 infection, however, such a (fistincfion is clearly vital since once the 
vims has inserted its DNA into that of its host cdl the infectious process can not be. 
reversed or cured. For any vaccine to provide successful protection against H1V1 it is 
therefore important that it should elicit a sufficient state of mucosal immunity (and also 
10 systemic immuni^ for early neutrafisation of tree vims to occur, thus bloddng viral entry 
intocelis. A key feature of any potential HIV vaccine designed to prevent infe^ 
that should be capable of efictfing the fbrmafion of adequate cpiantHies of neutralising 
sIgA. 

Stucfies by other workers have revealed neutralisation of HIV 1 b a functton 

1 5 primarily of anfibody medated reactions directed against the envelope protein of the 

vims, particularly that protein known as gp120, and vwthin this protein the region known 
as the V3 loop. This loop has been defined as the prindpal neutralising determinant 
When anUxKly of adequate affinity binds to the V3 k)op the virus is prevented from 
entering the cell and infecting it Since neutralisation of the virus can only occur when 

20 adequate quanfifies of sIgA antibody of the correct specificity and affinity are pr^ent in 
mucosal seoetiOTS it is necessary to devise methods for stimulafing the fonnatton of 
tttese antaxxiies. Although mucosal immurrity can be sfimulaled by ingesfing adequate 
quanfities of anfigenic protein such a method is nomtaUy very hefflde^ sinoethe 
mejority of any ingested protein is degraded by stomach add and^or by the proteolytic 

25 enqones presOTt in the gut The use of the entire gp120 protein for i m m u nizati bn may 
be undesirable dnce certain re^ons of this protein are oon^ered to induce 
autoantibocfies in humans. However, a small protein encoding ttie isolated V3 toop is 
unfikeiy to be of suffictertt mdecular size to functton well as an antigen. 

Apracfical oral vacdne for the sfimulatton of mucosal immuni^ to HIV 1 should 

30 therefore comprise (a) a means of produdng the protective vnmunogen at reasonable 
cost, (b) a means of defivering that immunogen to the mucosal immune system. .We 
have devised a procedure to express the HIV 1 V3 foop protein in a food grade lactic 
add bacterium - Lactococcus lactis subspedes JIac&L In the present procedure this has 
been achieved as follows. 
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t. The DMA. sequence encoding the V3 loop of the HIV 1 type MN virus was taken as 
an example and was obtained by designing oGgonudeutide pricners suitable for use in 
5 polymerase chain reactions (PGR) to ampGfy viral DMA sequences of different lengths 
each including and encoding the \^ loop sequence. The primers were designed to 
mdude a Bglll site and BamHl ^e at the 5* and 3* erKis respectively and incorporated a 
few nudeic add substitutions to create codons more consistent with those found in^ 
highly expressed iactococcal genes (Rg. 9). PGR amplification of DMA was performed 

10 using high fidelity reaction ooncfifions and a ttiermal cycler (Cambio UU, Cambridge, UK). 
The reaction mixture contained 1 x PCR buffer (10 mM Tris-CI; pH7.5@70C, 
50 mM KCQ, 250^ of each deoxynudeoslde triphosphate, 0.5 ^ each primer, 1 mM 
MgCl2^ H(V1 ^e MN infected celf DNA (1 mg at 1 x icffrifectious units/nrd) and 2J5 
units of Tag DMA polymerase (Cetus AnvGtaq) in a total volume of lOOyuL The temfdate 

15 DMA was heated for 5 mn at 95 C before the enzyme was added. 30 cydes of FOR 
ampfification were then run under the foUovmg conditions: denaturafion at 94 C for t 
min. primer annealing at 50 C fori min, and6xtendbnat72Cfor1 mm, with a final 
exten^on at 72 C for 5 min. 

20 2. The amplified DMA finagments V3a and V3b (see Rg. 9) encoding the type MN V3 
toop sequences were cut with Bglll and BamHl, gel purified and Igated Into the BamHI 
site of a vector oonstnicted for the expres^on and secretion of TTFC in 
L bcHs <jpL£r2-TrFC-BamHi) so thdl the V3 toop wodd be translaled as a to 3' 
end of the TTFC gene. The resulGng target gene vector for expression of the TTFQVSa 

25 fo^n protdh is shown forexample in Hg. 10. 

3. The plasmids pLET2-TrFCW3a and pLET2-TTFCA/3b were then introduced into an 
expression strain of UacBs carrying the other elements of the system for expression of 
heterologous genes. The essenfial elmients of this system are depcted m Rg. 11. 

30 

4. Bacterial cells carrying the target gene expression piasmids and control elements 
necessary for the expression system to fonction were induced to produce to the 
TITQV3 fusion proteins by svntching fifom growth on glucose to growth on lactose. Two 
hours after inducGon prot^s ffom total c^l extracts were 8^)aratod by SDS PAGE and 

3 5 electroblotted onto rutroceBuiose. The transfer of protdh was chedced by rever^fy 
stainihg the filter with Ponceau S. after which the TTFC and V3 toop of HN. were 
detected separatdy by the use of a rabfiit TTFC anfiserum and a monoclonal antibody 
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specific to the V3 loop of HIV1 type MISL The results show that arttigenically authentic 
TTFC and V3 loop could be detected in the expression strains foflowing induction (Rg 
12a & b respectiveiy). 

Use of this procedure has thereby enabled us to demonstrate for the first time that it is 
possible to express fragments of the HIV1 vims in a food grade organism such as 
Lacfoooccusi[ac& suitable for use as an oral vaccine. 

Example 4 

Pfoductfon of An tnsectiddal Crystal Protein tn L far/fe 
IntrodMcBofl 

Several classes of insectiddal crystal prot^ (also known as<£l^dotQ»ns), ha\ring 
different insect host spectra are naturally produced by str^ of Bacillus thumghnsis. 
Most of these prolans are prototoxins which form inclusions within the bacteria durmg 
sponjiation. The crystalTme prototoxins are (fissoh^ed by the aOcadine condifions fri the 
midgut of the insect and are then iroteolyGcaDy processed to generate smafler active 
polypeptide toxins. The toxins are proposed to generate pores m the midgut epithelial 
cells of suscepfible insects and cause them to sweU and lyse.^ Consequently, the 
insect larvae stop feeding and cfie. 

The spedfic properties of these toxins has been exploited for over two decades by 
using different fomnulafions of BacSlus Ihurbi^nsis to protect crops from damage by 
insects. The dorvng of the genes for crystal protein toxins has provided anonnous 
potential for the improvement of exis&ig approaches. Fbr example, insecticidal crystal 
proteins have been expressed in transgenic pfants^^'-^drid plant-associated 
nucro-organisms.'^ The development of a high level and regulated expression 
system for L /acfe has provided an altemafive strategy for the tow cost productfon and 
deUvery of insecticidal crystal proteins to crops. The advantage of using L i^c&ltes with 
its accepted GRAS (Genaally Regarded As Safe) status within industry and established 
low cost fennentation technology, coupled with the rapidity of toxin formation when this is 
induced in the L tactis expression system. Whereas toxin forniation in wfld jype isolates 
of B. thtmngien^s can require protoriged fermentation times (e.g. 17 « 24 houis) in order 
that both spore formation and toxin fonnation should proceed to wmpletion the 
bioiogicalty active toxin is fomied In C lacfe vwtttin 2 hours after the induction of gene 
expresa*oa Furthemnore, the defivery of the crystal proteins within a robust 
Gram-positive orgarusm such as L lactis as opposed to a mixture of crystal protein and 
Bacillus thuringmisis spores may improve the stabiDty of the prot«n in the environment 
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In order to demonstFafe the feasibility of using racomUnant L bc&s it this way we 
describe here the cloning and expression of the CrylA(a) crystal protein from Bacillus 
Ihurtigien^kuraakis^r^ HD-1 

5 1. Constmction of a CrylA expression olasmid.. 

In order to done the crystal protein gene for CrylA Into tiie T7 expession cassette 
so that its own inrGalion codon would be used for translation it was necessary to 
introduce appropriate restriction sites at the ends of the gene. In order to do this the 
gene was lirst assembled in a general cloning vector. Two PGR derived gene fragments 

10 of the CiylA gene were sequentially doned into plasmid pWW as detailed in Rg. 13. The 
primers yme designed to include a Ndel site at the 5' end of the gene which 
Incorporated the ATG (translation initiation) codon and a BamHI site at the 3' end of the 
gene immediately following the stop oodon. The fragmente were joined together by a 
urdque Kpnl site present within the gene (Rg. 13). Since the thermostable polymerase 

15 used for PCR can introduce mutations onto the amplified DNA fragments frie major fmii 
(d5%) of the CrylA gene between the unique Spd and EooNI ates was deleted from 
plasmid pWW--PCR CrylA and replaced yiOh the same restriction digest fragmmt 
derived from BadUus ffiuringlen^s DNA doned in plasmid pESI.^^ The resulting 
plasmid PWW-CrylA was cut with Ndel and BamHI and the 3.5 kb DNA fragment 

20 encoding the CrylA fragment doned between the Ndel and BamHI site In the T7 
expres^on cassette in pUCigNT7 (pUC19NT7 is essentially the same as p18NT7 
shown in Rg. 1 exc^ that ttie T7 cassette and multiple dorung site have been doned 
in 0ie opposite orientefion; sequence details of the cassette is shown in Rg. 2). Rnally 
the T7 expression cassette tocorporating the CrylA gene (Smal-PstI fragment) was 

25 doned between the Smal and PstI sites in ttie Uactb/EcoB shuttle vector pMIGI to 
gmerate Ae expresdon plasmid pLETI-CrylA (Rg. 13). TMs plasmid was fransferred 
into the expresdon host strain MG1820, pllPd. The expresdon stram harbouring 
pLETI-CrylA was grown and Induced as described in Materials and Mett)(xls. 

30 2. BffreggjQn Pf CrylA In (nfegfe 

A Coomassie blue stained gd of total cell extracts prepared from the pLEri«-CryIA 
strain following induction showed that a protein of the correct stze was deariy visible 
after two hours (Rg. 14a). The resutts of Western blotbng with polydonal antisera to the 
crystal protein confirmed that the CrylA gene produd accumulated to high levds within 

35 the ceH following induction (Rg. 14b). It was also expressed at low levds in uninduced 
cells. No such protein was deteded in total cell extrads prepared from the induced 
non-expressor contrd strain. 
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Cells from the pLETI-CrylA expression strain were disrupted two hours after 
induction by medianical homogenization as outlined in Materials and Methods. 
Proportional amounts of the insoluble (wall) membrane (M) and soluble protein fractions 
were analysed by SDS PAGE and immunoblotting. These results indicated that most of 
5 the crystal protein produced in LtacOs was insoluble as it is in BadUus ihuringien^s 
(fig» 14c). 

In order to estimate the amounts of CrylA produced in expressing cells ttie CrylA 
protein in the insoluble fraction was sohibiiised by boiling in SDS PAGE sample buffer 
lacking bromophenol blue. Afl^ pelleting the remaining insoluble matter, the supematant 

10 was serially diluted and equal volumes of these dflufions transferred to nitrocellulose 
filter using a 'sM-blot* apparatus. Standard amounts of purified CrylA crystal protein 
were included as controls. Following immunoblotting the amount of CrylA protdn present 
in the cell extracts was estnnated by visual comparison of the t)ands detected in the 
sample and standard slots. Based on the total amount of protem recovered from the 

15 soluble fraction and from the alkali and SDS treated insoluble fracGon we estimate that 
the CrylA protein accumulated to a level of 30% of total cell protein in induced ceKs. 



3- BioloQical activitv of the induced straun and insoluble cell extracts 

In order to determine (on a qualitative basis only) whether either the cells of L iac^ 

20 in which the CrylA protein had formed, &A)r the CrylA protein itself were biologicalty 

active toxteity assays were canled out uang first instar larvae of the tobacco homwomi 

{Manduca sexfa). AppnDdmately 1 x f (^bacteria of the induced Cr^ expressor strain 

and of a non-expressor control strain were resuspended in SOfxi of mecfium and 

appGed to the surfatee of 1 cnr^Uocks of arfifkjal dieL The insoluble ceD extracts prepared 
q 

25 from approximately 1 x 1(y.celis of the expressor and control str^ were also applied 
On 50^J) to separate bkx:ks of food. CiylA crystal protein purified from Bsu^us 
tturxngr/ans/s was used as a positive control Sbc larvae were placed in each vial and 
growth and rrKxtaTrty followed over a four day period. The differences between the vials 
in which the various forms of the CrylA protein are shown in the followirig tatrie: 
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15 



VIAL 
NO. 


CONTENTS OF VIAL 


CONDITION OF LARVAE AT 
3 DAYS 


1 


InsoiuDie cell Frac&on: 
pLETt.CrylAL./acfe 
expresaon sfram 


3 dead; 3 ungrown 


2 


Insoluble cell FracKon; 
norv-expressor strain of L latBs 
(MG13jS3) 


6 wen grown, healthy, 
active larvae 


3 


1 X lO^expressor bacteria 


4 dead; 2 ungrown 


4 


1 X id^ion-expressor bacteria 


6 well grown, healthy, 
active larvae 


5 


Positive oontrok aDcalihe extract 
of CrylAfrom B. ffjurir^ensis 


4 dead; 2 ungrown 



These results condusiveiy demonstrate that L bcBs expressing CrylA as well as the 
insoluble extracts from these bacteria were tone to the iarvae of tobacco homwonn. 
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CUMM3 

1. A Lactococcus host organism transformed with recombinant DMA comprising 
a T7 or T7-like RNA polymerase gene placed under the control of an inducible promoter 
effective in the Lactococcus host and a promoter specific for said polymerase upstream 
of a coding sequence for a desired polypeptide to be expressed, whereby the promoter 
directs transcription of said coding sequence selective^ as a result of expression of said 
polymerase. 

2. A transformed Lactococcus according to daim 1 whmin the host Is a strain 
of Lactococcus lactis. 

3. A transformed Lactococcus according to daim 2 wherein the polymerase 
gene is under the control of an inducible promoter derived from Llactis. 

4. A transformed Lactococcus according to any one of the p^ceding daims 
which, on expression of said encoding DNA» produces soluble polypeptide within the cell. 

5. A transformed Lactococcus according to any one of the preceding daims 
wKch^ on expression of said encoding DNA, produces biologically active^polypeptide 
within the cell. 

6. A transfonned Lactococcus aocorcSng to any one of the preceding daims 
wherein said polypeptide comprises a secretory signal sequence capable of effecfing 
secrefion of the downstream polypeptide expression product from the host cell. 

7- A transfonned Lactococcus accorcfing to daim 6 wherein the secretory signal 

sequence is one not normally assodatad vrith the downstream polypeptide expression 
product 

8. A transformed Ladococcus according to daim 6 or daim 7 wherein the signal 
sequence is derived from a protein mdogenous to LlacUs. 

9. A transfonned Lactococcus according to any one of the preceding daims 
wherein the expressed polypeptide comprises an immunogenically active protein. 

10. A transformed Ladococcus according to daim 9 wherein said immunogenic 
protein is fused to a polypeptide bearing an BpStape to which it is desired to raise an 
immune response. 

11« Atransfonned Lac t ococcus according to any one of the preceding daims 
wherein the expressed polypep&de oompr^ an immunogen derived from a pathogen. 

12. A transfrmned Ladococcus according to da'm 1 1 for use in elidting an 
immune response in a subjed immunised therewith. 

13. A transfonned Ladococcus according to any one of the preceding daims 
wherein said polypeptide comprises tetanus toxin C fragment (TTFC). 

14. A transformed Ladococcus according to any one of the preceding daims 
>A4ierein said polypeptide comprises the V3 loop of HIV. 

15. A transformed Lad o c occus according to any one of daims 1 to 12 wherein 
said polypeptide compr^ a toxin derived from B thuringiensis. 

16. A process which comprises expressing said encoding DMA in a Ladococcus 
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host organism of any one of the preceding claims. 

17. A process according to daUm 16 wherein the host organism Is a strain of 

1& A process according to daim 16 or dakn 17 wherein soluble polypeptide is 
produced vrilhin the cell 

19. A process according to any one of dsu'ms 16. 17 and 18 wherein biologically 
acBve polypepfide is produced within the cell 

20. A process according to daim 18 or damn 19 wherein the polypeptide is 
recovered from the cell extract 

21 . A process according to any one of danns 16, 17 and 1 8 wherein the 
polypeptide is expressed vwth a secretory signal sequence, whereby the po^peptide is 
secreted from the host ceil. 

22. A process according to dsdm 21 wherdh the host organism is a sfra 
Li^cfe and the secretory dgnal sequence is derived from L/^^ 

23. A process according to daim 21 or daim 22 wherein the rale of secretion is 
substantial^ at least as great as the rate of expresdm, whereliy the polypeptide is 
produced without substantial accumuIaOon bi the host oelL 

24. A process accordirig to any one of daims 16 to 23 wherein said polypeptide 
comprises TTFC. 

25. Aslraih of Ljactoooccus as obteinable by the process of daim 18, containing 
soluble heterologous polypeptide. 

26. Asfrain of Lactococcus as obtainable by the process of daim 19. containing 
heterologous polypeptide in biologically active form. 

27. A strain of Lactococcus according to daim 25 or daim 26 wherein the 
heterologous polypeptide comprises an immunogeiticalV active protein. 

28. A strain of Lactococcus acconSng to daim 27 wherein said nnmunogenfc 
protein is fused to a poiyp^tide bearing an epitope to wtiich it is desired to rsuse an 
onmune response. 

29. As&Bin of lartooncc us according to any one of danns ^ to 28 wherein the 
heterologous po^rpepiide oomprfses an immunogen derived from a patfiogen. 

30. A straort of Lactococcus according to dsAn 29 wher^ the heterologous 
pc^epGde comprises TTFC. 

31. Astrain of Lactococcus according to daim 29 or daim 30 wher^ the 
heterologous polypeptide comprises the V3 loop of HIV. 

32. Astrain of Lactococcus according to any one of daims 26 to 28 wherein the 
heterologous polypepfide comprises a toxin derived from B thuringiensis. 

33. A straki of Lactococcus according to any one of daims 29 to 32 for use in 
efidfing an immune response In a sut^ect inoculated with ceDs of said Lactococcal strain. 
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34. A Strain of Lactococcus acoording to daim 33 for use in eliciting an immune 
response when administered muoosally. 

35. A strain of l^ococx:us according to daim 34 for use in eliciting a mucosal 
immune response involving the producfion of soluble IgA against the immunogen. 

36. A strain of Lactococcus acconjing to daim B3 for use in eliciting an inmiune 
response when administered parenterally. 

37. A strain of Lactococcus according to daim 32 for use in administering to a 
subject infected, with an organism to which the B thuringiensis toxin is specific. 

38. The use of a strain of Lactococcus according to daim 32 in the pestiddal 
treatment, other than in a human or animal, of an organic to which the B thuringiensis 
toxin is specific. 
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